ABSTRACT: Samples of fabric data collected from periglacial solifluction lobes in central Alaska show a systematic, positive relation between clast axial ratio and fabric strength. Samples composed of clasts with low a:b axial ratios have relatively low fabric strength. Restricting sampling to clasts with axial ratios of 1.5:1 or higher increases fabric strength and decreases its variability. To enhance comparability between fabric studies and the utility of fabric interpretation, sampling should be restricted to clasts with relatively large (Ն 1.5:1) axial ratios.
INTRODUCTION
Reconstruction of Quaternary paleoenvironments relies on a convergence-of-evidence approach requiring data from many diverse sources. Analysis of clast orientation in a sediment or soil matrix (macrofabric analysis) is a common field-based technique that provides information about depositional environment, flow regime, and slope processes (e.g., Lundqvist 1949; Lindsay 1968; Mills 1983 Mills , 1987 Nelson 1985; Major 1998) .
Although technological and interpretive advances in fabric analysis (e.g., Fisher et al. 1987; Benn 1994) have provided progressively more detailed information about the nature of processes on hillslopes, their relative intensity, and the deformation of colluvial masses, development of general theory and a comprehensive database have been hampered by the fact that sampling procedures vary considerably between investigators (Mills 1991; Bertran et al. 1997) .
The utility of macrofabric analysis has been questioned on several grounds. Criticisms include inconsistency in field measurement techniques (Hill 1968) , inability to differentiate between depositional environments (Bennett et al. 1999) , and the influence of sampling procedures and criteria (Kjaer and Krüger 1998; Major 1998; Millar and Nelson 2001a,b) . Such concerns should be considered carefully, and confounding factors that could affect resultant fabrics addressed.
Using Zingg's categories of disc, sphere, blade, and rod, Drake (1974) illustrated that pebble shape can influence macrofabrics developed in glacial till. In a study of solifluction in the Japanese Alps using the same categories, Yamamoto (1989) found a statistically significant relation between clast shape and fabric characteristics. Rod-shaped particles, which have the greatest degree of elongation in this classification, were most likely to be oriented parallel to the direction of flow. Yamamoto concluded that axial ratio exerts an appreciable effect on fabric strength, a finding with important implications for sampling design in subsequent studies of colluvial macrofabrics.
Multi-scale approaches to geomorphic problems have gained wide acceptance (e.g., Schumm 1991, p. 48; Bauer et al. 1999) . To be effective, well-designed sampling programs must be implemented at each scale of investigation, or cumulative errors of substantial magnitude may develop. To assess the influence of sampling decisions at different scales in macrofabric studies, Millar and Nelson (2001b) classified sampling considerations along a continuum of spatial scale: microscale decisions involve such factors as the size and geometry of clasts selected for measurement; mesoscale considerations include selection of topographic position and orientation of the sampling surface; and macroscale decisions involve the spacing and geographic interrelations between sampling locations. This note is concerned primarily with the first class by demonstrating the systematic effect of clast axial ratio on the strength of macrofabrics in sediments affected by periglacial solifluction. The implications may extend beyond studies of periglacial colluvium to sampling considerations during examination of genetic and depositional processes in glacial, fluvial, and other colluvial environments.
METHODS

Field Procedures
Data were collected from a series of periglacial solifluction (''gelifluction'') lobes and terraces ( Fig. 1 ) near Eagle Summit (65.5Њ N, 145.5Њ W) in the Yukon-Tanana Upland physiographic province of interior Alaska (Wahrhaftig 1965) . The features are active, as evidenced by small shrubs bent or partially buried by slope materials, and by displacement of markers installed in the early 1960s to monitor slope movements (Haugen and Miller 1963) .
Samples examined in this study are a subset of a larger collection of fabric data from sites selected across the terrain at Eagle Summit using a stratified systematic unaligned sampling design (Berry and Baker 1968; Iachan 1985) . The sampling program was formulated to assess the variability of fabrics on heterogeneous slopes, many of which were mantled with well-developed solifluction lobes, an important consideration in a paleoenvironmental context (Millar and Nelson 2001a) . To enable standardized comparisons for this study, analysis was restricted to data obtained from 38 sites that displayed well-defined lobate solifluction forms. Sampling locations included a variety of micro-environmental settings, including lobe-front riser, lateral margins, and upslope position on the tread (Table 1).
Fifty observations of plunge and plunge azimuth of the a axes of elongate clasts were made at each sampling location (Fig. 2 ). Samples were obtained from the floor of 1 m ϫ 1 m ϫ 1 m excavations, between 25 and 50 cm depth, as detailed in Millar and Nelson (2001b) . The a, b, and c axes of each clast were identified and measured following the method detailed by Andrews (1971, p. 13) . Clasts were selected on the basis of the existence of a well-defined major axis.
Eight samples from an earlier study by Nelson (1985) are included in the analysis. These samples were collected from the semivertical, upslope faces of shallow pits dug in solifluction lobes located in the same general area. Details are provided in Nelson (1985, p. 24) . Only clasts with a:b axial ratios greater than 2:1 were sampled. Clast dimensions were not recorded.
Data Analysis
Following procedures and notation developed in Mardia (1972, Chapter 8) and Fisher et al. (1987, Chapter 3) , eigenvalues and eigenvectors were extracted from the symmetric 3 ϫ 3 ''orientation matrix'' T formed by the sums of squares and products of direction cosines from the measurements of plunge and plunge azimuth. The eigenvectors t i , where i ϭ 1, 2, 3 of T represent the mutually orthogonal axes of minimum, intermediate, and maximum clustering of the observations, respectively. The corresponding normalized eigenvalues i , such that 3 Ն 2 Ն 1 , provide a measure of the relative length of these axes. The data are represented graphically in Figure 3 , a statistical summary is provided in Table 1 , and sample position in Woodcock's (1977) eigenspace is shown in Figure 4 . Figure 5A shows the relation between clast axial ratio and Woodcock's (1977) strength parameter , given by ϭ log( 3 / 1 ), a measure of the degree of fabric clustering or tightness, for the Eagle Summit samples. The   FIG. 3. -Eagle Summit macrofabric data, plotted on lower hemisphere, Lambert equal-area projections. Data were rotated into the plane of the local slope (Nelson 1985) and contoured using Starkey's (1977) point-counting method. Each counting circle occupied 2% of the projective net (Stesky 1998) . Shading density is standardized between nets; isolines represent 2, 4, 6, 8, 10, and 12 points per counting circle. Position of principal eigenvector is indicated.
plot includes data from the mean of the eight sites sampled by Nelson (1985) in the same locality. Although there is considerable scatter, Pearson correlation coefficients indicate a statistically significant relation (r ϭ 0.541, ␣ ϭ 0.001) between fabric strength and clast axial ratio ( Table 2 ).
The reduced major axis (RMA) line (Till 1974) in Figure 5A indicates the positive, linear form of the relation between axial ratio and fabric strength.
To examine the effect of clast axial ratio on fabric more closely, each of the Eagle Summit samples was filtered to remove all clasts with axial Nelson's (1985) aggregated data with equation y ϭ 5.663x Ϫ 8.133; B) Relation for filtered samples that include only clasts with a:b ratio greater than or equal to 1.5:1. Nelson's (1985) aggregated sample includes all clasts. ratios less than 1.5:1 (Fig. 5B ). This ratio was selected because it is frequently used (Table 3) and to ensure adequate sample size for statistical analysis. Correlation results are given in Table 2 . There is no apparent relation between clast axial ratio and fabric strength in the filtered data set.
INTERPRETATION
The relation between clast elongation and fabric characteristics has been addressed only indirectly in studies of colluvial macrofabrics. Although in many cases researchers have limited axial ratios to some preset range, there is no consensus about a preferred a:b ratio for sampled clasts. An a:b ratio of 1.5:1 is frequently used as a threshold value for inclusion in a sample. Choice of this value enables the operator to identify elongate clasts readily, although the characteristics of the deposit and its source material may dictate what the axial ratio can be. The range of a:b limits in macrofabric studies is extensive: examples are listed in Table 3 .
Theoretical considerations indicate that restricting the range of axial ratios is desirable. According to Jeffery's (1922) consideration of the angular velocity of prolate objects in a viscous flow, the degree of clast elongation affects the rate of its rotation. Simulations by Lindsay (1968) showed considerable agreement between Jeffery's formulation and observed fabrics in mudflow deposits. At the microscopic level, Bertran (1993) elaborated this further, suggesting that fabrics show stronger preferred orientation when composed of more elongated clasts. Prolate clasts rotate more slowly when oriented normal to the velocity gradient than when at some angle to it, whereas equant clasts show little variation in angular velocity as they rotate. With increasing elongation, stones begin to behave as passive markers, spending most of the time normal to the velocity gradient (Bertran 1993) .
Field evidence from Eagle Summit supports the theoretical considerations outlined above and indicates the existence of a direct relation between average clast axial ratio and fabric strength in materials affected by periglacial solifluction. The absence of such a relation in the Eagle Summit filtered data indicates the possible existence of thresholds involving clast geometry in generating tightly clustered fabrics. 
CONCLUSION
Multiscale analysis and careful application of formal sampling procedures at each level can enhance both the value of macrofabric data and inter-study comparisons. Clast axial ratio appears to be an important microscale consideration in research designs involving fabrics from colluvial deposits. Our results indicate that the range of clast axial ratios used in fabric work should be restricted to a small interval, and that the ratios should be large (Ͼ 1.5:1). Further work is necessary to establish an optimal range and to ascertain possible relations between fabric strength, axial ratio, clast size and shape, and variations in velocity gradients. Because a large number of variables have the potential to affect fabric characteristics, future research should involve a variety of approaches, including deterministic modeling (Lindsay 1968) , laboratory investigations (Harris et al. 1996) , statistical simulation (Fisher et al. 1987) , and critical field experiments (Millar and Nelson 2001b) .
